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REFERENCE: Portions of this publication may be quoted if
credit is given to the Virginia Division of Mineral Resources. It is
recommended that reference to this report be made in the follow-
ingform: Baillieul, T. A., and Daddazio,P.L.,lg82,A vein-type
uranium environment in the Precambrian Lovingston Forma-
tion, central Virginia: Virginia Division of Mineral Resources
Publication 38, 12 p.

FRONT COVER: Photomicrograph of sample MLB-262, in
monazite-apatite rock from the Lovinsston Formation. The rock
consists of 40o/o monazite (dark color) and 49o/o apatite (lighter
color) with minor quartz, opaques, and clay. Note twinned mona-
zite. Magnification 40X, crossed-polarization with gypsum I
wave length plate to enhance the apatite.
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A VEIN.TYPE URANIUM ENVIRONMENT
IN THE PRECAMBF,IAN LOVINGSTON FORMATION,

CENTRAL VIRGINIA1
By

Thomas A. Baillieul
Paul L. Daddazio

ABSTRACT
The Precambrian Lovingston Formation within

the Charlottesville Lo x 2o quadranglti of north-
eentral Virginia contains an environment favorable
for vein-type uranium deposits. Anomalous radioac-
tivity is associated closely with major zoires of cata-
clasis in the metasedimentary T.ovingston gneiss
and, to a lesser extent, with lenses of granitic rock
contained in the lovingston. Within the cataclastic
zones, biotite-chlorite schist layers show the largest
radioelement concentrations. Thorium is the domi-
nant radioelement and monazite, uranothorite and
thorogummite are the most common radioactive
minerals. Chemical assays indicate up to 4,800 ppm
uranium and up to 50,000 ppm thorium for samples
of weathered rock and saprolite. Elements asso-
ciated with relatively high radioactivity in the area
include: lanthanum, niobium, phosphorus, scandi-
um, tin, titanium, tungsten, vanadium, yttrium, and
zinc. The radioactive occurrences may be the result
of hydrothermal activity following late-'stage mag-
matic differentiation of Grenville age granitic rocks.
High thorium-to-uranium ratios suggest that ura-
nium has been removed from the system bnd may be
coneentrated at depth below the saprolite zone.

INTRODUCTION
A study of the uranium resource potential of the

Blue Ridge and Piedmont provinces of the Charlottes-
ville 1o x 2o quadrangle (Figure 1) was rindertaken
by Bendix Field Engineering Corporation as part of
the Department of Energy's National Uranium
Resource Evaluation (NURE) under contract DE-
AC-13-76-GJO-1664.

Carborne scintillometer reconnaissance traverses
and follow-up studies of aerial radiometi,ic surveys
(LKB Resources, 1975-1980, and Texas Instruments,
1980) revealed seven previously unknown uranium
occurrences within the Precambrian [iovingston
Formation. Numerous smaller radiometric anoma-
lies were also delineated.

Ground evaluation was earried out primarily
with the aid of a hand-held scintillometer (Mt.
Sopris SC-132). A strip-chart recorder was coupled

rPrepared while the authors were employed by Bendix Field
Engineering Corporation for the U.S. Department of Energy,
Grand Junction Office, under eontract DE-AC-lB,?6-GJO-1664.

Figure 1. Distribution of the Lovingston Formation and equiva-
lents (shaded), and outline of the Charlottesville 1" x 2o
quadrangle.

to the scintillometer for road reconnaissance to pro-
vide a visual record of each traverse. Field estimates
of radioelement abundances were made at seleeted
sites using a four channel gamma-ray spectrometer
(Scintrex GAD-6). Several drilled wells were logged
(gross gamma count) using a Mt. Sopris 1000-C
instrument. Rock and soil samples were analysed by
gamma-ray spectrometry for equivalent potassium
(7o), equivalent uranium (ppm), and equivalent tho-
rium (ppm) content; by fluorimetry (a "wet chemis-
try" technique) for chemical uranium (reported as
ppm U3O); and by emission spectrometry for 13
additional elements. An "equivalent" assay mea-
sures the abundance of potassium, uranium, and
thorium relative to their gamma-ray spectral emis-
sions. The accuracy of this measure is affected by
differing ratios of the three radioelements and the
abundance of radioactive daughter products.
Groundwater samples were examined in the field
for radon gas content using a TSA-RE350 radon
emanometer, and for Eh and pH using an Orion
Research 407 AIF specific ion rneter. Uranium con-
tent of groundwater was determined with Scintrex
UA-3 instrument. Samples are labeled with the
code letters !'MLB" and a number.

GEOLOGY

The Lovingston Formation is the oldest lithologic
unit in the Blue Ridge and Piedmont provinces of
Virginia. It forms the core of the Blue Ridge anti-
clinorium. The anticlinorium includes roeks of the
Blue Ridge and westernmost Piedmont provinces.
Roeks of the anticlinorium are overturned to the
northwest and generally dip southeast (Conley,
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1978). Lithologies in the Lovingston Formation
include porphyroblastic and augen gneisses, and
banded biotite-feldspar gneisses which have been
derived from a series of pre-Grenville sedimentary
rocks (Conley, 1978). The major minerals are plagi.
oclase, oligoclase, quartz, and biotite. Minor con-
stituents are hornblende. chlorite, and leucoxene.
Accessories include apatite, sphene, and zircon, along

w i th il rnen ite and other opaqu es..&l mand i ne garnet
is present along some shear zones. Feldspar in the

" Lovingston is'bommonly altered to sericite and epi-
dote. Layers of feldspar, quartz, and feldspar augen
are separated by stringers and films of biotite.

D avis (I97 4) d ated two disti nct populations of zir'
con from the augen gneiss. An age of 1'870 m.y. was

considered to reflect the age of the original sediment

38.oo'l
79.O0' 78.30

Figure 2. Detail of the Lovingston Formation in the Charlottesville quadrangle, with locations of mapped shear zones, urani'

um/thorium occurrenees, and radiometric anomalies.
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source; a second age of 913 m.y. was considered to
represent the Grenville orogenic event. The Loving-
ston Formation gneisses contain lenses of granitic
rocks which may represent intrusions or,anatexis.
U-Pb age dates on quartz monzonite and pegmatite
zones yield dates of 1,080-1,330 m.y., and 1,080-
1,180 m.y., respectively (Davis, 1974). Some of these
intrusive bodies belong to the Old Rag granite,
according to Allen (1963). They are texturally,
mineralobically, and chemically similar to the Old
Rag.

Shear zones are common throughout the Loving-
ston Formation; rocks in the areas of most intense
shearing (Figure 2) are characterized by'schistose
layers produced as a result of the shearing event(s).
Johnson and Gathright (1978) report a major zone of
cataclastic gneiss, schist, and phyllonite along the
eastern edge of the Blue Ridge province. This cata-
clastic zone in the area of a southeasterly dipping
thrust fault separates rocks of the Lovingston For-
mation to the east from rocks of the Pedlar, Swift
Run, and Catoctin formations to the west.

Rocks labelled Lovingston Formation in Figure 2
in the northeastern part of the area havej not been
mapped. However, biotite-rich, banded and augen
gneisses probably equivalent to the Lovingston have
been mapped there as basement units (L{rkert and
Halladay, L980). Zircons from a granitic body intrul
sive into the augen gneiss in this region have been
dated at 1,081 m.y. On the basis of age and composi-
tional similarity of the augen, porphyroblastic, and
banded gneisses in the northeastern part of the
quadrangle to typical Lovingston, these rocks are
considered to be Lovingston in this report.

Subsurface structure of the unit is not known.
The Mechum River Formation, which forms an
inlier within the Lovingston Formation, is pre-
sumed to be less than 1500 m thick. In the western
part of the area, the Lovingston is separdted from
younger Precambrian rocks of the Blue Ridge by a
complexly faulted and sheared zone (Thomas Gath-
right, Virginia Division of Mineral Resources, per-
sonal'communication). To the east the Lovingston is
in unconformable contact with the younger Lynch-
burg Formation.

URANIUM OCCURRENCES.:
IN THE LOVINGSTON FORMATION

Seven previously unreported uranium eccurren-
ces and numerous areas of anomalous radioactivity
were identified in the Lovingston Formatjon (Fig-
ure 2). AlLof the anomalous sites are associ?ited with
shear zones. Surface radioactivity is related pri-
marily to the presence of thorium, although ura-
nium in excess of 100 ppm occurs in some areas of

Figure 3. Detail of Occurrence 2.
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relatively high radioactivity. Anomalous rocks were
considered to be those with radioactivity in excess of
three times background. Background for the
Lovingston Formation was measured as 100 to ?00
cps (eounts per second). Uranium occurrences were
defined by having maximum surface radioactivity
in excess of 10 times background and a surface
extent measured in tens of square meters.

Two of the most significant occurrences are
located approximately 6 miles (10 km) northwest
of Charlottesville (Occurrences 2 and 5, Figure 2).
At Occurrence 2 (Figure 3), extremely high levels of
radioactivity are found in soil and saprolite; the
Lovingston Formation does not crop out in this area.
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Gamma-ray measurements reveal a spotty pattern
of radioactivity, which is closely related in places to
surface drainage patterns. Scintillometer readings
in this area in excess of 1,000 cps are common at the
surface; counts increase in places to 20,000 cps just
below the surface. A few samples from pits and core
drilling revealed biotite-chlorite schist within a
cataclastic gneiss to be the primary host of the
radioactivity. Chemical analyses (sample numbers
044 and 199, Table 1a) show 530 and 278 ppm UrOr,
respectively. Laboratory gamma-ray analyses show
330 to 583 ppm equivalent uranium (eU) and 10,500
to 11,000 ppm equivalent thorium (eTh), respec-
tively, for the same samples. Field gamma-ray
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assays were attempted at the site of these two sam-
ples; however, inaccurate results were obtained as
the spectrometer was not calibrated for such high
thorium levels.

Unmineralized Lovingston gneiss at Occurrence
2 contains only 6 ppm UrO, and22 ppm eTh (sample
no. 045). Increases in abundances of radioactive
elements are accompanied by increases in levels of
lanthanum, phosphorus, titanium, tungsten and
yttrium (Table la and 1b). One soil sample was
found to have an elevated level of gold.

Gamma-ray and lithologic logs of drill holes
(Figure 4 and 5) indicate an uneven distribution of
radioelements in the Occurrence 2 area. Whereas all
seven drill holes showed high levels of radioactivity
in the upper meter of saprolite, only two holes (1 and
2) gave an indieation of radioaetivity at depth. Hole
1 showed high radioactivity to a depth of 20 feet (6
m) and hole 2 showed high radioactivity to a depth of
26 feet (8 m), Chemical and laboratory gamma-ray
assays of core from hole 2 show fluctuations in
radioelement concentrations with depth (Figure 6).
The similarity of the UrO, and eU curves shows that
uranium is in radiometric equilibrium with its
daughter products everywhere except in the upper-
most zone, where some uranium has been oxidized
and leached. Because of the relatively high concen-
trations of uranium and because the similarity of
the eU and eTh curves, it is probable that the ura-
nium is associated with thorium in mineral species
that are chemically resistant.

The host rock at Occurr ence2(sample no. 045) is a
biotite-feldspar-quartz mylonitic gneiss. Quartz
composes 21 percent of the rock, plagioclase 28 per-
cent, K-feldspar 11 percent, and biotite 30 percent.

GATUA-RAY LOG (CPS}

4m a@o U3%l.U (rpm)

Sphene, garnet, apatite, zircon, and epidote make
up minor to trace amounts of the rock. Texturally,
the rock consists of feldspar and garnet porphyro-
clasts (augen) in a mortar of quartz and biotite. A
flow texture commonly is well developed. In the
immediate vicinity of the radioaetive anomalies the
gneiss is a highly altered quartz diorite protomylo-
nite (sample no. MLB 272 f.rom drill hole 2). Iron
oxides, epidote, and biotite oecur in place of plagio-
clase and constitute much of the cataclastic mortar.
The biotite schist (sample nos. MLB 044 and MLB
275) is variable in composition. Rutilated biotite
comprises 60 to 75 percent of the rock, hydroxyl-
apatite about 15 percent, quartz 2 to 4 percent, leu-
coxene/ilmenite/sphene 5 percent, and chlorite up
to 5 percent. Thorium-enriched clay makes up 2 to 3
percent of the rock, and zircon, monazite, garnet,
muscovite and limonite occur in trace amounts. A
thorium phosphate is found as inclusions in the bio-
tite and as rims on the apatite. The color of the
biotite schist varies from black to pale olive; the
lighter color results from bleaching of the biotite
and an increase in the abundance of muscovite (10
percent or greater).

O5m

Figure 7. Detail of Occurrence 5.
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Table 1a. Selected trace element analyses for rocks from the Lovingston Formation*

SAMPTE 0CCURRENCE eTh
N0. N0. U308 eU {cTh) TiNiLaCo

010

0iI
012

'0t 4

015

016

0i7
033

034

044

045

186

187

188
't89

'l9l

192

193
'194

'199

200

205

206

207

208

209

2t0
212

213

221

223

228

257

?58

?59

260

261

262

ao5

264

t265

266

267

268

269

270

271

?72

273

?74

?75

6

3

3

3

6

3

3

I
'i

2

2

5

5

5

5

5

5

5

5

2

2

3

3

4

4

4

7

3

3

5

5

2

6

6

6

6

7

7

2

2

2

2

2

2

2

?

2

2

?

2

2

I
t3t0

4880

J5

3300

2310

33
22

530 332

62
8 10

]t 16

43
56

69 66

33
278 583

24 33

167 169

ll l0
48 6t

3l
3l

32 35

20 t9
74 62

139

4l
91 241

?7 17

76 79

58 56

21 23

44 53
'138 619

150 156

t59 189

195 215

257 248

248 228

112 171

4A 39

64 t5

21 ?0

67
210 269

240 231

214 208

-100 -50 -t00
| 00 -50 1 3,000

- 1 00 -50 23,300

7000 I 63 1250

-r00 -50 '667

8890 201 I 530

+100,000 193 -100

-l 00 -40 1270

- I 00 -40 304

-t 00 -40 35,700

- t 00 -40 5400

-100 -40 -100

-100 -40 -100

-r00 -40 -100
' -100 47 -100

-'100 -40 -100

-100 -40 -100

-100 -40 -100

-100 -40 -100

- l 00 -40 I 0,900

- 100 -40 -'t00

-1 00 48 8640

-1 00 40 3820

-f00 48 25,400

: -]00 -40 2380

-'100 -40 z12o

-100 -40 3420

-t00 -40 -100

-t 00 -40 220

-r00 -40 -100

-t00 -40 -100

-t00 -40 t430

-l oo -40 - loo

- t 00 -40 1830

-100 -40 2090

-r 00 -40 I 50

- 1 00 -40 2880

6410 4t +100,000

-100 -40 '12,000

-1 00 -40 1 7,500

-r00 -40 t8,800

-r00 -40 21,200

- 1 00 -40 t 7,900

- I 00 -40 29 ,300 .

- 1 00 -40 7170

- 1 00 -40 7700

- 1 00 -40 4720

-100 -40 10,300

-t00 -40 12,600

-100 -40 13,300

-t 00 -40 I 5,900

-3 -',to li30
92 36 23,400

?3 40 t 9,500

363 1 59 72,200

-3 -l 0 2760

l t30 215 |t0,000

202 420 83,200

-3 -l 0 334

-3 -10 1550

50 ?g 17,000

48 28 10,800

-3 -',to 3220

-3 -10 2920

-3 19 4220

16 7t t0,600
-3 -10 't210

-3 -10 3200

-3 -10 t830
'-3 -10 4560

17 52 9900

-3 -10 4840

20 -t0 5380

20 20 9220

82 98 38,100

7 -10 6390

-3 -10 5t50

-3 -10 'l I ,200

-3 -10 1680

-3 -1 0 3990

-3 -10 4920

-3 -r0 4560

-3 19 6410

-3 -10 l l80

-3 -t 0 5860

l7 51 8360

-3 -10 1730

-3 -10 7980

124 145 22,800

t0 40 8850

-3 28 8450

5 28 ]0,300

]8 33 ]2 ,400

9 2't 10,400
6 ',t3 9150

-3 -10 2950

8 -1 0 ?760

-3 -r 0 3390

r 0 24 3580

-3 -t 0 7030

-3 -1 0 7320

8 5t |,300

(80) -r0 -10 -10
( 1 3,800) 24 7980 3 l

(475) -t 0 9s9 ?s
( 52,000) 87 +20,000 127

, (533) - _to 184 -]o
(51,500) l l6 +20,000 21?

(I I,400) 77 +20,000 224

30 -10 -10 -10
8 -10 -10 - t0

1 I ,425 55 1270 3t
?2 28 126 32

258 -t0 26 -l0
28 -.10 .10 -t0

498 -t0 ?8 17

.3 36 12 40

33 -r0 35 -10
'l t4 - 10 -10 I'l
3l'l -10 150 -10

]6 -10 -10 '16

10,563 -10 546 37
'1080 -t0 80 |3
2873 -10 2770 ?8

20 22 75 30

374 82 506 65

4 -10 52 t8
5 -10 44 14

667 -10 468 18

68 -10 -t0 t6

528 -10 - 74 23

-10 _10. t7

2 -10 -]0 t5
6861 - t0 259 ?2

t5l -t0 -10 -10

624 -10 225 25

1108 -10 85 47

]69 - 10 -10 - 10

1268 -i0 370 t4
31,300 64 +2C,000 188

8500 28 365 34

t0,000 -t0 259 30

10,300 -10 318 27

9300 26 428 33

8710 -10 358 26

]0,100 -10 379 22

1560 -10 106 -10

96 -10 84 l8
317 -10 65 13

t4t -t 0 45 24

12,200 -10 439 35

11,000 -10 273 32

]0,200 -10 243 5t

]60 -100 105 -r00
794 5020 1217 343

651 395 961 I 90

1860 +10,000 l68l l.l30
208 -100 78 -100

2?90 +10,000 1687 1620

2220 +10,000 4740 1520

n. d. -'| 00 52 --1 00

n.d. -]00 30 -100

n.d. 718 673 147

n.d. -100 79 -]00
n.d. -100 3l -100

rn.d. -]00 15 -]00*
n.d. -100 39 -100

n. d. -'100 48 33 8

n.d. -100 44 -l9Q:.
n.d. -]00 22 -100

n. d. -'100 561 -100

n.d. -100 zdr'' -100

n.d. 365 416 214

n.d. -100 45 -100

n. d. ?560 440 -l 00

n.d. -100 50 -100

n. d. 968 324 340

n.d. -100 35 -100

n. d. -'100 35 - 100

n.d. -i00 75 -100 I

n.d. -l00 -]0 -100

n.d. -100 45 -100

n.d. -100 26 -]00
n.d. -100 28 -100

n. d. -1 00 123 1 28

n.d. -100 20. -100

n.d. 326 67 i -100

n.d. 448 37 299

n.d. - 100 ,.- 10 -100

n.d. -l00 40 -l00
n. d. + 1 0,000 6460 61 3

n.d. 475 327 ll3
n.d. 578 227 I l 3

n. d. 404 ?44 -l 00

n. d. 465 286 I 30

n. d. 547 226 -1 00

n.d. 610 ?44 -]00
n.d. -100 8l -100

n.d. -100 89 -100

n.d. 165 72 -100

n. d. 246 1 06 -l 00

n. d. -'10- 241 - l00
n.d. -100 264 -100

n. d. 350 290 279

*(all anirlyses reported as parts per million).
(-) indicates "less than"
(lo. cobalt
La. lanthanum
Mo, moll,bdenum

Nb, niobium
Ni, nickel
P. phosphorus

Sc, scandium
Sn, tin
Ti, titanium

V, vanadium
W, tungsten

Zn, zinc
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Tpble 1b: Trace element analyses of ground water
samples from the Lovingston Formation at Occur-
rence 5.

SAMPLE . Rn U,,O*
NO. (MLB) (pCi/1) (ppb)

Cu Se V Zn SO, PO,
(ppb) (ppb) (ppb) (ppb) (p.pm)(ppm)

156 -5 -10 -1

-l
I

-l

-1

-1

(-) indicates "less than"

At Occurrence 5 (Figure 7) recent excavations for
a housing development exposed a broad area of
cataclastic gneiss and associated schist. Although
most exposures were of highly weathered saprolite,
detailed strucfrtrre could be seen. Biotite schist lay-
ers have orientdtions both concordant and discor-
dant with the major shear foliation. Massive, white
saprolite in two bands 10 feet (3 m) to 1? feet (5 m)
wide in the gneiss is presumed to represent a felsic
intrusive.
At this locality the highest radioactivity and radio-
element concentration is located in or near the bio-
tite schistlayers. Maximum levels of uranium in the
mineralized schist atthe surface range from 69 ppm
to 140 ppm UrO, (sample nos. 193 and22I). Gamma-
ray analyses show a range of 10 to 140 ppm equiva-
lent uranium and 13 to 3400 ppm equivalent tho-
rium. Thorium/uranium ratios vary from 4 Lo 77.
The sheared gneiss (sample nos. 187, 188, and 192)
has lower levels of uranium and thorium on the
average than do the schist layers: 1 to 11 ppm UrO*,
3 to 16 ppm equivalent uranium, and 28 to 498 ppm
equivalent thorium. The white felsic saprolite
(sample no. 191) contains 4 ppm UrOr,B ppm equiva-
lent uranium and 33 ppm equivalent thorium. Logs
of water wells and analyses of radon gas and ura-
nium in groundwater at Occurrence 5 indicate
zones of mineralization at depths of up to 131 feet (40
m).

At Occurrence 5, few elements show a strong pos-
itive correlation with radioelement abundance
(Table 1a). Lanthanum, manganese, yttrium, and
zinc show enrichment in some zones where concen-
trations of radioelements are two to ten times the
levels found in unmineralized rock. Sample no.

MLB 189,, a dark, hematite-stained biotite schist,
shows greatly elevated levels of magnesium.

No microscgpic examination was made of the
very friable saprolite at this location; however, one
quartz-rich sample of pale-olive schist (sample no.
MLB tr90) was sufficiently indurated for thin-section
analysis. This rock contains 58 percent biotite
(bleached), 10 percent muscovite,20 percent qlJartz,
7 percent limonite (as stringers throughout), and
minor amounts of chlorite and leucoxene. The quartz
is granulated and ,segregated into veinlets or
stringers.

A,red alteration eolor associated with some of the
schistose layers is rnuch more intense than in the
surrounding saprolite, suggesting hematitization
along some of the shears. Other evidences of altera-
tion are masked by extreme weathering.

Immediately north of the South Fork Rivanna
River Dam (Occurrence 8, Figure 2) alarge quarry
exposes anomalously radioactive granites and schists
of the Lovingston Formation (sample nos., MLB,
216, 217, 218). A highly weathered biotite-musco-
vite-plagioclase-quartz schist near the quarry con-
tains isolated radiometric highs of two to four times
background. Within the quarry, there is granitic
rock classified as a quartzo-feldspathic protomylo-
nite (iample no. MLB 216) containing leucocratic
veins. Shear-formed fractures are abundant along
the quarry face. Table 2 shows the variation of ura-
nium and thorium in rocks from the quarry.

Table 2. Radioactivity of rocks from quarry in
Occurrence 8 area.

Sample No.
(MLB) Th/U

216 Fracturedleucocratic
' dike rock
2\7 Non-fractured granite
218 Non-fracturedgranite

Immediately north of the quarry, near the Albe-
marle County Airport, Stow (1955) reported radio-
active schist and gneiss with radiometric readings
of 40 times background. The only trace of the occur-
rence which could be found during this field study
was a boulder of granitic gneiss about 3 feet ( 1 m) in
diameter which gave anomalous radiometric read-
ings up to 10 times background. Gamma-ray assays
show 42 to 142 ppm equivalent uranium and 43 to 83
ppm equivalent thorium for this boulder. Low tho-
rium/uranium ratios for the rock (0.6 to 1.0) are
unusual in an otherwise high-thorium terrain.

Farther north, the Lovingston Formation con-
tains several uranium occurrences in the vicinity of
Bessie Bell Mountain (Figure 8). In this area there

040
1AO

i50
t97
214
2t5
2t9
220
222
234
254
255
256

54 0.07
69 0.14
2r8 0.10

1487 0.36
709 0.28
654 I.27

0 0.08
11 0.04
45 0.10

1170 0.23
616 0.17

1315 0.08
962 0.13

-o -o -D -l
-5 -5 -5 -1
-5 -5 -5 -1

-5-5333
-5 -5 29'

4.
q

-2

rt2

ppm ppm
eU eTh
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22 22 56 2.6
15 7 56 8.0
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are medium- to coarse-grained granite bodies, and
pegmatite float is common. Here, as elsewhere in
the quadrangle, the highest levels of radioactivity
are in cataclastic rocks. Sheared phyllites and
schists contain 7 to 55 ppm equivalent uranium and
30 to 400 ppm equivalent thorium (gamma-ray field
assays). Quartz-feldspar microbreccias and proto-
mylonites contain 50 to 150 ppm eqr;ivalent ura-
nium and 100 to 1,200 ppm equivalent thorium.
Metamict pegmatitic breccias (sample nos., MLB,
011, 014, 016, and 017) have uranium levels of 1,000
to 4,800 ppm UrOr. Elevated levels of radioelements
in the Bessie Bell Mountain region show correla-
tions with increased abundances of cobalt, lantha-
num, niobium, titanium, tungsten, vanadium, and

MINpRRI, RESoURcES

zinc (Table 1a). Petrographic studies show that
pyrite is almost always present in these highly
radioactive rocks.

The major radioactive minerals in the Lovingston
Formation are monazite, uranothorite, and thoro-
gummite. Monazite occurs both as primary grains
and secondary fracture-fillings. One sample (MLB
262) ftom Occurrence 7 consists of 40 percent mona-
zite and 49 percent apatite of secondary, vein-filling
origin. Uranothorite occurs as bladed inclusions in
monazite and in biotite in several areas. Thoro-
gummite was identified in augen gneiss samples
from the Bessie Bell Mountain area (Halladay,
1978). In most samples the abundance of radioactive
minerals observed in the roek is too low to account

EXPLANAT ION
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Figure 8. Uranium/thorium occurrences in the vicinity of Bessie Bell Mountain.

3to tt'



PUBLICATIoN 38

E

'. loo

for the chemical levels of thorium and uranium. It is
inferred that these radioelements are in finely
divided mineral particles dispersed throughout the
rock. The radioactive minerals do not represent
remnants of ancient placer deposits in the original
sedimentary sequence. Rather, they are secondary
enrichments in favorable structural zones. Thorium
abundance is far in excess ofuranium abundance in
nearly all of the samples examined. The most
radioactive samples have a thorium to uranium
ratio greater than 30:1 (Figure 9). The relatively
higher abundance of thorium suggests that ura-
nium has been selectively removed from the rocks.

o 
eu (p'm) 

loo I ooo

Figure 9. PlotofeU vs. eTh for rocks ofthe Lovingston Formation.

ORIGIN OF
URANIUM/THORIUM OCCURRENCE S

Much study has been given to vein-type uranium
deposits irr highly metamorphosed terrain and sev-
eral genetic models have been developed. One the-
ory proposes hydrothermal emplacement of ura-
nium from late-stage magmatic differentiates and
thermal remobilization of uranium within the coun-
try rock (Hegge and Rowntree, 1978; Rich and others,
1977).In a second model uranium concentration is
accomplished by supergene enrichment in rocks
unconformably underlying terrestrial sedimentary
rocks (Dahlkamp, 1978; Hoeve and Sibbald, 19?8).

The high levels of thorium observed in the Loving-
ston Formation suggest a magmatic rather than
supergene origin ofthe uranium occurrences (Table
2), because even though concentrations of thorium
in magmatic rocks are not generally so high as
observed in this study, thorium is in no case concen-
trated by supergene enrichment.

Rich and others (L977) describe two types of ura-
nium occurrences in the Beaverlodge district of
Saskatchewan:

(1) Syngenetic deposits in late-stage igneous
rocks and in granitized sedimentary rocks-
monazite, uranothorite, xenotime, uraninite,
cyrtolite, pyrochlore-microlite in pegmatites,
granites, and granitized rock. Not economic.

(2) Episenetic deposits in metasediments-pitch-
blende in altered portions of metasediments,
closely associated with fractures and shears
(no thorium present).

It may be that the uranium occurrences so far
identified in the Lovingston Formation are of the
first type and that further exploration will reveal
occurrences of the second type. Pitchblende may
have been largely removed during the deep weath-
ering of the Virginia Piedmont. Thorium minerals,
which are relatively insoluble, remained near the
surface.

It is postulated that there were several periods
when uranium concentrations could have taken
place in the Lovingston Formation.

(1) Formation of cataclastic zones in the Loving-
ston Formation during Grenville time (about
1000 m.y.) and coincidentemplacementof the
anomalously radioactive Old Rag and Crozet
granites in the Lovingston. The granites con-
tain up to 25 ppm UrOr, with an average of 5
to 10 ppm UuOr. The average thorium-to-
uranium ratios for the granites is about 10:1,
suggesting uranium depletion (Figure 10).

(2) Emplacement of the Robertson River granite
between 700 and 600 m.y. This granite is low
in uranium and thorium and was probably
not a significant source of uranium. However,
the heat and fluids generated by this intru-
sion may have caused mobilization and re-
concentration of existing uranium.

(3) Extrusion of the Catoctin basalt through
numerous feeder dikes in the Lovingston
Formation at 600 m.y. Heat of dikes possibly
caused mobilization and reconcentration of
uranium.

(4) Taconic orogeny (about 430 m.y., Late Ordo-
vieian time). Deformation caused Piedmont
rocks to be sheared and intruded by uranium-
enriched granites. These intrusives may have
provided both uranium and mobilizingfluids

.s",
{9
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for additional concentration within thQ
Lovingston, although they are strictly east of
the Charlottesville quadrangle. ,.::

350 m.y., Late Devonian, and pelhaps 300
m.y. or Iater, Lat:e Paleozoic). -Deformation
produced renew,ed movement on shear zones.

lottesville quadrangle may have been sources
of additional uranium and mobilizing fluids.

(6) Migration of meteoric waters may have oxi-
dized uranium and,concentrated it,in rocks
well below the surface.

The suggested effects of some of these events need
a word of explanation. Event (1), granitic.,rocks,
quartz monzonites and pegmatites in the Loving-
ston may belong to the Old Rag granite, as sug-
gested by Allen (1963). The Old Rag has substantial
radioactivity. Event (2), the Robertson River gran-
ite cuts rocks probably equivalent to the Lovingston.
The intrusive body may have invaded,the more typi-
cal Lovingston or heated it enough to cause rnigra-
tions of uranium. Events (4 and 5), these granites
have not been observed to cut the Lovingston For-
mation, but heat accompanying their formation
may have caused migration and concentration of
uranium and thorium ions in the Lovingston.

Metasediment'ary rocks of the Swift Run, Lynch-
burg and Mechum River formatigRs unconformably
overlie the Lovingston Formation in the Charlottes-
ville quadrangle. The stratigraphic relationships of
these three formations is not known because they
are nowhere in juxtaposition (see Figure 2). Denni-
son and Wheeler (1975) considered the Swift Run to
be fluvial in origin; Conley (1978) hypothesized a
fluvio,-.deltaic depositional environment for the
Lynchburg F)ormation; and the Mechum River For-
mation has been described as a synclinal infold of
Lynchburg Formation rocks into basement gneisses
(Brown, 1973), and as a Triassic-like half-graben
flanking the main Lynchburg depositional basin
( Schwab, L97 4). Gooch ( 1958) considers the Mechum
River, Swift Run, and Lynchburg formations to be
erosional remnants of a single stratigraphic unit.

These metasedimentary rocks, which are at least
partly of terrestrial origin, may have provided a
continuous cover for the Lovingston Formation dur-
ing the Late Proterozoic. Figure 11 shows the dis-
tribution of the three units in the Charlottesville
quadrangle and Figure 12 provides a generalized
cross-sectional view. Each of these units has under-
gone dynamothermal metamorphism. i

Kalliokoski and others (1978) consider these meta-
sedimentary rocks to have some resemblance to the
cover rocks found in association with uranium de-
posits in Saskatchewan and in the:Norther4 Terri-

tory of Australia. A paleo-regolith in the Lorlingston
Formation, which is'on,the surface of the Lovingston
just below the metasediments, represents a period of

metasedirnents reflect a deeply weathered proven-
ance (,Kalliokoski.and others, 1978). It is possible
that a u ran i.um-concentratin g geochem ical system

uranium deposits elsewhere was in,existence in this
part of Virginia during the Late Proterozoic.

,500

(5) Acadian and Appalachian orogenies (gbout subaerial weathering. Clast types,found in the,

Granites emplaced to the east of the Char- similar to those proposed for u4conformity-related

Fo20

o

a

a

o
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Figure 10. Plot of eU vs. eTh for samples of Crozet and'OId Rag
granites.

SUMMARY

The Lovingston Formation appears to contain
vein-type uranium deposits in metamorphosed sed-
imentary rocks similar to ones described by Mathews
(1978). Vein-type occurrences of uranium, thorium,
and rare earth elements i'n majorpataclastic zones
in the study area indicate an origi4 by late-stagg
magmatic differentiation and hydrothermal em-
placement, High thoriurn-to-uranium ratios sug-
gest that uranium was removed from the system
and that iarge, primary uranium concentrations
may exist below the weathered surface. Ground-
water movernent along a major unconformity be-
tween the Lovingston Formation and overlying sed-
iments may have produced secoadary enrichment
during Late Precambrian times
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Figure 11. Distribution of Upper Precambrian metasedimen-
tary rocks in the Charlottesville quadrangle.
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Figure 12. Generalized cross-section of Figure 11.
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